The primary purpose of this study was to simultaneously analyze both ends of the barbell with 19 weightlifters (age 18.0 ± 3.2 years, body mass 84.0 ± 14.2 kg, height 167.3 ± 8.7 cm) participating in a weightlifting competition to determine whether there were asymmetries in barbell kinematics and kinetics between the right and left sides of the barbell. The second purpose was to compare barbell-trajectory classification of the snatch and clean lifts between the right and left sides of the barbell. Methods: Barbell kinematic and kinetic data were collected and analyzed with 2 VS-120 weightlifting-analysis systems (Lipman Electronic Engineering Ltd, Ramat Hahayal, Israel). Barbell trajectories (A, B, and C) for the right and left sides were analyzed for each lift. Results: No significant difference was found in trajectory classification between sides of the barbell for either lift. The frequencies analysis revealed that type C barbell trajectories were the most prevalent in each lift. When the right and left sides of the barbell were compared during the snatch and clean, no significant differences were determined for any kinematic or kinetic variables. Conclusions: The V-scope system appears to facilitate analysis of barbell kinematics, kinetics, and trajectories during weightlifting competition regardless of which side of the barbell is analyzed.
The sport of weightlifting has long intrigued coaches because success is hinged as much on technique as it is on the power of the weightlifter. Successful attempts at the snatch and clean and jerk in the sport of weightlifting have been related to the trajectory, 1 velocity, 2, 3 and displacement 4 of the barbell during each lift. Vorobyev 1 established 3 basic types of barbell trajectories that provide information about the quality and efficiency of a lifter's technique. The 3 different barbell trajectories are generally classified as A, B, and C trajectories. An example of each trajectory is presented in Figure 1 . During trajectories A and B, the barbell is initially moved toward the lifter in the first pull and then moves up and away from the lifter in the second pull. The differences in these 2 trajectories occur at the end of the lift, with trajectory A being characterized by a looping of the barbell that will intersect an imaginary vertical line that can be drawn up from the starting point of the barbell. In trajectory B, the barbell never intersects the imaginary vertical line. Because of the differences in the horizontal motion or looping of the barbell in A and B trajectories, the ends of the lifts are different. In trajectory A the "catch," or end of the lift, will be made closer to the imaginary vertical line than trajectory B, where the catch is in front of the line. Trajectory C is defined by the barbell moving away from the lifter during the beginning of the first pull and then intersecting the imaginary vertical line. It then follows the similar looping or horizontal motion of trajectories A and B and ends with the catch. The catch in trajectory C is normally in front of the vertical line as a result of forward movement of the barbell during the first pull. Trajectory A is thought to represent correct and efficient pulling technique. 1 It has been reported, however, that lifters of different abilities use different barbell trajectories during lifts. 1, 5, 6 Film analysis of weightlifting competitions of male world champions and record holders revealed that 55% of lifts were performed with type A trajectories and 45% with type B trajectories. 3 Garhammer 3 determined that 62% of lifts were performed using type A trajectories, 31% with type B, and 6% with type C during Generally, barbell kinematics and kinetics are determined by vertical and horizontal coordinates of 1 point when using the VS 120 weightlifting-analysis system (V-Scope Lipmann Electronic Engineering, Ltd, Ramat Hahayal, Israel) or 2 points when using video analysis. The V-scope is one method used to determine barbell kinematics and trajectories during weightlifting. This 1-point analysis system uses a transponder (button), which is attached to the end of the barbell and emits an ultrasonic signal when triggered by sensors (tower) that produce infrared light. 7 The sensor receives the ultrasonic signal from the button, and data are processed and analyzed by a microprocessor.
The purpose of the present study was to simultaneously analyze both ends of the barbell during a weightlifting competition to determine whether there were differences in barbell kinematics and kinetics. The second purpose was to compare barbell-trajectory classification of the snatch and clean lifts between the right and left sides of the barbell.
Methods

Design
The simultaneous collection of right and left barbell kinematics and kinetics was accomplished by collecting data with the 2 V-Scope weightlifting-analysis systems (Lipmann Electronic Engineering, Ltd, Ramat Hahayal, Israel). One V-Scope system was placed on each side of the competitive lifting platform, with signaling buttons attached to each side of the barbell, during a weightlifting competition.
Subjects
Nineteen male weightlifters participating in a regional weightlifting competition participated in the present study. Written informed consent was obtained from all subjects in accordance with university ethical-review-committee guidelines. All subjects were screened for contraindications to exercise with the use of a traininghistory and health-history questionnaire. Subject characteristics are presented in Table 1 . Subjects' height, body mass, and body composition were determined before competition. Height was measured with a wall-mounted stadiometer, and mass was measured on a scale (Continental Scale Corp, Bridgeview, Ill). Body composition was determined using a 7-site skinfold measure.
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Instrumentation
One V-scope system was positioned 3 m from the end of each side of the barbell, with each system collecting data at a 50-Hz sampling rate. The V-scope setup is presented in Figure 2 . Data were collected on the following measurements: peak acceleration (PA), time to peak acceleration (TPA), peak velocity (PV), time to peak velocity (TPV), peak vertical displacement (PD), time to peak vertical displacement (TPD), peak power (PP), time to peak power (TPP), net displacement (Nd), peak force ( The reliability of the V-scope has previously been determined in our laboratory. 10 Interclass correlation values were determined by analysis of (n = 220) test-retest trials for PD (ICC = .97), PP (ICC = .82), PV (ICC = .94), PF (ICC = .90), TPD (ICC = .78), TPV (ICC = .81), TPP (ICC = .70), PA (ICC = .80), and TPA (ICC = .78). Reliability and validity of displacement were established from a test conducted on an ultrasound button that was moved (N = 100) horizontally and vertically through a predetermined distance. No significant differences were found between actual and measured horizontal and vertical displacement. Displacement reliability was found to be very high (ICC = .97). 10 Data were collected for each successful attempt at each lift, and the right-and left-side data were compared.
Statistical Analysis
Paired-sample t tests were used to compare the right-and left-side results for each variable. In order to control for type I errors, a Bonferroni-adjusted alpha level of ≤.003 was used to determine significance. Pearson product-moment correlations were calculated on select kinematic variables that have been previously reported in the scientific literature as major determinants of skill and efficiency of technique in the snatch and clean. 1, 3 An alpha level of ≤.05 was used to determine correlation significance. Frequency distributions were calculated on barbell trajectories for both the right and left sides. All data are reported as mean ± SD. All statistics were calculated with SPSS 14.00 (SPSS Inc, Chicago, Ill).
Results
Snatch
Results of paired-sample t tests for all dependent variables for the snatch are presented in Table 2 . A histogram frequency analysis revealed all data to be normally distributed. When comparing the right and left sides of the barbell during the snatch, no significant differences were determined for each variable. During the snatch (N = 27), there were no significant differences in barbell trajectories (P = .745) between right and left side. Frequency distribution of the snatch revealed that type C trajectories were performed on 92.9% of the lifts on the right side and 85.7% of the lifts on the left side. Type A trajectories were only present in 3.6% of the lifts on the right side, and Type B trajectories were only present in 3.6% on the right side and in 14.3% on the left side.
Clean
Results of paired-sample t tests for all dependent variables for the clean are presented in Table 2 . A histogram frequency analysis revealed all data to be normally distributed. Right-and left-side values for each variable were not significantly different for the clean. There were no significant differences in barbell trajectories between the right and left sides for the clean (N = 23, P = .162). Frequency distribution of the clean revealed that type C trajectories were performed on 86.4% of the lifts on the right side and 77.3% of the lifts on the left side. Type A trajectories were minimal, only present in 9.1% on the left side, and type B were only present in 13.6% on the right side and 13.6% on the left side.
Correlation Data
The results for all correlations are presented in Table 3 . When kinematic variables on the left and right sides of the barbell were compared, significant correlations were found for the snatch and clean. No significant correlations were found for the snatch between the weight of each lift and the selected kinematic variable analyzed. When examining the clean, weight of each lift was significantly correlated with the selected kinematic variables.
Discussion
The primary finding of the present study was that there was no significant difference between right-and left-side kinematic and kinetic variables or between right-and left-side barbell-trajectory classification during lifts performed in a weightlifting competition. These results suggest that using a single-point analysis system such as the V-scope allows coaches and sport scientists to record and examine barbell kinematics and kinetics and barbell trajectories of the snatch and clean regardless of which side of the barbell is analyzed. Using this system will enable coaches and sport scientists to monitor the efficiency of a lifter's pulling technique and classify barbell trajectories.
Frequency distributions of barbell trajectory revealed that the lifters in the present study for the most part used type C barbell trajectories when performing both the snatch and the clean. In the present study, barbell-trajectory frequencies do not follow the same trend as presented in previous reports. 3, 5 Garhammer 3 reported that type A barbell trajectories occurred most frequently and type C barbell trajectories occurred least often in lifters performing the snatch and clean during competition. In a similar study, Baumann and coworkers 5 reported that type B trajectories were the most common during the snatch and clean. Hiskia, 11 in a study analyzing barbell trajectories at the European Championships, reported that type C trajectories were prevalent in almost half the lifts performed by both men (48.5%) and women (52.1%) in the snatch and type A trajectories were the least frequently used by both men (8.5%) and women (22.4%). Increased incidence of type C barbell trajectories during the snatch and clean might be a result of differences in pulling technique. The findings of the present study suggest that the subjects were using pulling techniques that might have predisposed them to type C barbell trajectories, as indicated by the 85.7% to 92.9% occurrence of type C trajectories during the snatch and 77.3% to 86.4% occurrence in the clean. The results of the current study are in agreement with those of Hiskia 11 but not with those of Garhammer 3 or Baumann and coworkers. 5 These discrepancies might be related to efficiency of lifting technique 12 or the measurement system, because both Garhammer 3 and Baumann and coworkers 5 used video-analysis techniques, whereas Hiskia 7 and we used the V-scope system. 5 analyzed elite weightlifters in international and national competitions. It would be expected that lifters of this caliber would use optimal lifting technique and exhibit a greater prevalence of type A barbell trajectories during lifts. It is unlikely, however, that this explains the different frequencies of barbell trajectories presented in the scientific literature, because Hiskia 7 examined elite weightlifters competing at the world championships. Conversely, in the present study we analyzed barbell trajectories of athletes with less skill and experience. Although it is likely that some of the differences reported in the literature can be accounted for by the actual skill of the athletes analyzed, it is also likely that some additional factor such as pulling style could explain the differences in trajectory-type frequencies.
Another possibility for the discrepancies in the frequency of specific barbell trajectories between the works of Garhammer 3 and Baumann et al 5 and the present study and that of Hiskia 7 might be a change in the pulling or weightlifting style of weightlifters over the last 30 years of competition. The studies by Garhammer 3 and Baumann et al 5 were performed in the 1980s, whereas the data reported by Hiskia 7 were collected in the 1990s and the present study was performed in the 2000s. Results from Kruszewski et al 12 support this contention with longitudinal data that suggest that an increase in the occurrence of type C trajectories occurred from 1974 to 1997. Conversely, Garhammer 3 postulates that differences in barbell kinematics and kinetics are not likely caused by a paradigm shift in lifting style or technique but more likely result from a change in the methodologies used to analyze barbell trajectories.
The possible differences in barbell kinetics and kinematics when using systems like the V-scope in comparison with film analysis might result from the lack of visual records that allow for the removal of attempts that exhibit vertical-axis rotation from analysis. 3 Garhammer 3 suggested that using film analysis allows for the removal of attempts that have excessive vertical-axis rotation, whereas attempts that use single-point analyses, as in the current study and that of Hiskia, 7 do not. Garhammer 3 postulated that the change in the frequency of C type might be caused by a single-point analysis, which only considers 1 side of the barbell during performance of competitive lifts. Although this is a distinct possibility, the present study revealed evidence that the frequency of type C trajectories shows no significant differences in the frequency of specific barbell trajectories when one side of the barbell is compared with the other. It is possible, however, that the athletes analyzed in the present study exhibited very little vertical-axis rotation.
Correlation of select kinematic data obtained in the present study reveals that certain kinematic variables might be related to barbell trajectory. These relationships have been reported in the scientific literature as a major determinant of skill and efficiency of technique in the snatch and clean. 1, 3 Weight lifted by each competitor during the clean was significantly correlated to PV and PD. The present finding that PV, PD, and weight lifted during the clean are significantly correlated would be expected. As weight lifted is increased, barbell displacement and velocity would be expected to decrease, and decreasing the weight would result in the opposite effect. 6 It is surprising that this line of reasoning did not hold true for the snatch, wherein the weight lifted was not significantly correlated with any of the kinematic variables analyzed. Finally, the PV and PD during the clean were significantly correlated with one another.
The results of the present study suggest that the V-scope might be useful for evaluating barbell displacement, trajectory, and velocity, which are common variables analyzed to assess lifting technique. 1, 3, 10 The prevalence of C-type barbell trajectories determined in this study might be attributable to technique.
Along with strength, success in weightlifting depends on the skill of the lifter. Therefore, it is necessary for coaches to be able to monitor and quantify lifts by determining acceleration speeds through the first and second pulls, vertical and horizontal barbell displacement, and barbell position to measure the progress of both novice and elite athletes. 13 Based on an earlier study, 10 the V-Scope system appears to be a dependable tool to measure the trajectory of the barbell, and the current investigation suggests that either side of the barbell can be evaluated when classifying barbell trajectories. With these data, sport scientists and coaches can quickly analyze a lifter's technique and provide immediate feedback, which can facilitate technical adjustments designed to increase success in weightlifting.
